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Considerable discussion has arisen as to the source and significance 
of streptococci in milk.  Most of the observations were made before 
the  use  of  the  blood  agar  plate  method  or  before  the use of more 
accurate  determinations  of  acid production became a  common prac- 
tice.  New interest  in  the  problem  has  been aroused since the out- 
breaks of septic sore  throat attributed  to contamination  of the milk 
supply  with  streptococci  pathogenic  for  man.  A  more  thorough 
knowledge of milk streptococci, particularly those producing hemol- 
ysis  in  blood  agar  plates,  is  necessary.  The source  of  such organ- 
isms  is  of particular interest. 
Rogers  and  Dahlberg  t  undertook the  study  of milk  streptococci in  detail. 
They examined m]~ed milk, udder milk,  feces, and saliva  of cows.  Blood agar 
plates were not used.  The bouillon employed was prepared from beef extract to 
which dextrose, lactose,  saccharose, mannite, raffinose, starch, and glycerol were 
added to make 1 per cent solutions.  In all a large number of cultures were stud- 
ied.  The fecal streptococci were characterized by their ability  to  attack  the 
sugars,  including  raffinose, and their inability to utilize alcohols.  The salivary 
strains fermented dextrose, lactose, saccharose, mannite, and frequently raffinose. 
The amount of acid produced was lower than that obtained from the fecal strepto- 
cocci.  They divided the udder streptococci into two groups on the basis of the 
liquefaction of gelatin.  One group, which they considered indistinguishable  from 
Streptococcus pyogenes, fermented dextrose, lactose, and saccharose with an occa- 
sional culture breaking down mannite, starch, or inulin.  In addition to liquefying 
gelatin, the other group attacked dextrose, lactose, saccharose, mannite, and gen- 
erally fermented glycerol.  From these studies the conclusion was reached that 
the streptococci found in market milk were of udder origin. 
1 Rogers, L. A., and Dahlberg, A. O., d. Agric. Research, 1913-14, i, 491. 
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Davis  z in examining the market milk from nine dairies found hemolytic strep- 
tococci in eight samples; eight of the samples had been pasteurized.  One of the 
pasteurized samples did not contain hemolytic streptococci.  In the other seven 
they made up from 5 to 45 per cent of the flora.  In one sample of certified  (raw) 
milk 40 per cent of the bacteria were hemolytic streptococci.  The data concern- 
ing fermentation are given for ten strains.  They are compared with three strains 
of human origin and one culture isolated from a case of bovine mastitis.  All the 
milk streptococci fermented dextrose, lactose, maltose, and salicin.  Seven acidu- 
lated  saccharose and one mannite.  The titratable acidity in dextrose bouillon 
varied from 5.05 to 6.55 per cent.  Two of the human cultures produced somewhat 
less acid than the milk strains (4.55 and 4.70 per cent), but the other produced 
more acid (6.25 per cent).  The mastitis strain could not be differentiated by its 
cultural characters from the milk streptococci.  However, it possessed consider- 
able pathogenicity for rabbits.  Davis points out that of the 85 strains studied 
none had properties which  would  justify his considering  them of human origin. 
He concludes by stating that the milk strains are different from certain strains of 
hemolytic streptococci found at times in the diseased udders of cows, since  the 
latter are virulent for rabbits and are from human sources. 
The writer  a,4 has shown that apparently normal cows may harbor in the udder, 
streptococci which are identical in all cultural characters and agglutination affin- 
ities with those causing mastitis.  It was pointed out that in a herd in which a 
large number of cows suffered  from mastiffs many cows carried streptococci in 
the udder.  From this observation it was assumed that many such streptococci 
would gain access to the milk supply. 
To  establish  the  possible  types of streptococci which  may appear 
in market milk,  examinations of the vaginal discharges, saliva, feces, 
and  skin  of cows in  a  large  herd  were undertaken.  The  milk  from 
this  herd  is of high quality  and  is sold in  one large city as  certified 
milk.  In another city it is marketed as  Grade A  raw milk which is 
certified  by a  board  of physicians.  The usual  precautions  taken  in 
the production of certified milk are maintained. 
The Possible Sources of Streptococci. 
In  a  previous  paper  4 the  vaginal  streptococci  were  considered  in 
detail.  At  that  time it was noted  that  hemolytic streptococci were 
not  found  on  the  normal  vaginal  mucosa.  A  considerable  number 
Davis, D. J., Y. Infect. Dis.,  1916, xix, 236. 
s Jones, F. S., J. Exp. Med.,  1918, xxviii, 253. 
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of the non-hemolytic variety were isolated and studied.  They fell 
into two principal groups, those attacking dextrose, lactose, sacchar- 
ose, maltose, and mannite, and those fermenting the first four sugars 
but not fermenting mannite.  Salicin fermentation predominated in 
each group. 
Swabs were employed in isolating streptococci from the mouth and 
skin°  The swabs were introduced into the mouth and rubbed over 
the tongue and mucous membranes.  Within an hour they were agi- 
tated, in 10 cc. of sterile 0.9 per cent sodium chloride solution.  From 
this suspension three platinum loopfuls were inoculated into  12  cc. 
of melted 2 per cent agar prepared from veal infusion which had been 
cooled to 45°C.  The mixture was plated with 1 cc.  of defibrinated 
horse blood.  The plate cultures were examined after incubation for 
24 hours at 38°C. 
For the skin examinations the lumbar region was chosen.  Since 
the cows were confined in stanchions the possibility of contaminating 
this area with either feces or saliva was not considered great. 
Feces were obtained as early after defecation as possible and sus- 
pended in the usual amount of salt solution and plated at 9nce. 
The cultures were inoculated into tubes containing 13 cc. of  fer- 
mented veal infusion broth (+ 0.6 to +0.8 phenolphthalein) to which 
the test substances were added to make a 1 per cent solution.  Titra- 
tions were made after 5 days incubation at 38°C. 
In all, the saliva, skin, and feces of 45 cows were examined.  Hem- 
olytic streptococci .have not been isolated from these regions.  The 
saliva contains many streptococci.  In all, thirty-seven strains have 
been isolated and studied.  They comprise, however, an exceedingly 
heterogeneous group.  Mannite  fermentation is  frequent  and  the 
proportion of raffinose and inulin fermenters is high.  As a rule, low 
acid production in dextrose is characteristic.  A  tabulation of their 
characters has been omitted as it will be shown later that such strep- 
tococci have not been found in the milk. 
From the skin thirteen cultures of streptococci have been  isolated. 
Their cultural characters, given in Table I,  are more uniform than 
those from the mouth.  From Table I  it will be noted that the char- 
acteristic streptococcus from the skin is a  type which produces short 
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saccharose, maltose, raffinose, mannite, and salicin.  Mannite is uni- 
formly attacked to a lesser degree than the other substances.  Inulin 
is not fermented.  Gelatin is not liquefied. 
TABLE  I. 
The Non-Hemolytic Streptococci  from the Skin. 
C~tour  e  Grouping.* 
Sk  2  Pairs; 
chains of 4. 
"  Ii  Pairs and 
S.C. 
"  12  "  " 
"  20  "  " 
"  23  "  " 
"  24  "  " 
"  26  "  " 
"  27  "  " 
"  29  "  " 
"  30  "  " 
"  32  "  " 
"  34  "  " 
"  35  "  " 
Growth 
in 
bouillon. 
Turbid. 
gt 
tt 
t[ 
[g 
gt 
Litmus milk. 
Coagulated 
on boiling. 
Production of acid in. 
o 
per  Set  per  ~et  #er  #er  per  p*r 
aent  cent  cent  ¢erd  cent  cent,  ¢e'nt  c~J 
2.7;  2,4  2,8  2.7  2.6  0.2  0.S  2.[ 
3.3  2.~  2,9  3.2  2.7  0.2  1,2  3.~ 
"  "  3.2  2.6  3,5  3.2  2.9  0.0  2.0  3.£ 
Acid.  3,1  2.6  3.2  2.7  2.9l  0.2  2.5  3.2 
Coagulated  3.2  2.9  3,2  3.0  2.8  0.1  1,8  3.1 
on boiling. 
"  "  2.9  2.5  2.9  2.8  2.3  0.1  2.5  2.7 
....  2.4  2.4  2.2  2.2  2.4  0.0!  1.0  2.4 
"  "  4.3  3.3  3.3  3.6  3.1  0.C  2.5  4.(] 
"  "  4.2  .3.6  4.1  4.3  3.5  0.C  1.2  3.3 
"  "  2.6  2.1  2.4  2.6  2.5  0.C  2.9  2.4 
"  "  2.7  2.2  2.6  2.4  3.0  0.Ci  1.3  2.4 
"  "  3.6  2.9  3.3  3.1  2.8  0.G  1.4  2.7 
"  "  3.0  2.7  2.6  2.9  2.7  0.fl  1.0  2.7 
i 
* The length of chains has been indicated as follows: S. C., 4 to 8 cocci; M. C., 
chains of 8  to 16; L. C., chains of more than 20. 
t  Only net acid production has been recorded in the tables.  The addition of 
0.7  to the figures in the various columns will give a  close approximation of the 
total acidity. 
Twenty-one  strains  of  streptococci have  been  isolated  from  the 
feces.  Their cultural characters are shown ill Table  n.  The bulk 
of fecal streptococci fall into one large group.  This group is charac- 
terized by the formation of large amounts of acid in dextrose, lactose, 
saccharose,  maltose,  raffinose,  inulin,  and  saiicin.  Litmus  milk  is 
firmly coagulated and litmus is usually reduced.  Gelatin is not lique- 
fied.  Two cultures, Nos.  F  11  and F  20,  belong to the skin group. ~.  s.  joints  351 
Since  the  vaginal,  skin,  and  fecal  streptococci  possess  specific 
characters  rendering  their  classification  definite,  each  type  should 
be readily  recognized if found in milk. 
TABLE  II. 
The Non-Hemolytic Fecal Streptococci. 
Culture 
i~o. 
F  4 
"  6 
"  18 
"  21 
"  28 
"  29 
"  30 
"  31 
"  32 
"  33 
"  34 
"  35 
"  36 
" 37 
"  39 
"  40 
"  2 
"  11 
"  20 
"  16 
"  46 
Grouping. 
Pairs and 
S.C. 
M.C. 
Pairs and 
S.C. 
Growth 
in 
bouillon. 
Turbid. 
It 
C~ 
~C 
~C 
~C 
~C 
I  Production of acid in. 
4  ! 
Litmus milk.  ~  ~  I  ~  ~  4  4  i  i 
per  ~r  per  i  ~r  per  I per  per 
c~nt ] cent  ~nl ] 
FirmlYcoagulated.  7.3  5.1  6.5  6.3  .~  7.3  0.0  5.5 
"  "  8.3  4.9  7.1  /  7.6  7.(  6.5  0.0  5.C 
"  "  7.2  5.4  5.6  7.0  5.l  7.0  0.0  5.{] 
"  "  6.4  4.6  5.7  5.7  5.',  6.6  0.0  5.~ 
"  "  6.4  5.0  5.5i  5.9  5.',  6.6  0.1  5.C 
"  "  5.3  4.4  5.2  4.9  5.:  6.0  0.0  4.~ 
"  "  5.7  4.2  5.3  5.7  5.!  5.7  0.0  5.~ 
"  "  6.5  6.4  5.8  5.8  5.:  6.4  0.0  6.( 
"  "  6.2  4.C  6.0  5.6  6.¢  6.7  0.0  5.2 
"  "  7.2  4.~  5.9  5.8  5.'  6.4  0.0  5.4 
~'  "  5.9  4.6  5.4  5.8  5.~  6.0  0.0  5.4 
"  "  5.9  4.~  5.8  5.9  6.,  6.5  0.C  5.~ 
"  "  6.4  4.7  5.7  6.1  4.!  6.3  0.C  5. 
"  ""  6.0  4.2  6.0  5.2  5.,  6.0  0.C  4.4 
"  "  6.4  4.~  5.3  4.5  6.,  6'.0  0.C  5.~ 
"  "  6.4  4,£  5.5  5.3  6.  6.3  0.C  5.] 
"  "  7.4  5.~  5.9  6.2  3.,  0.0  0.C  5.~ 
Coagulated  3.2  2,4  3.1  3.1  2.!  0.1  1.~  3.( 
on boiling. 
Acid.  3.9  3.£  2.7  3.1  3.1  0.1  1.4  3A 
Unchanged.  4.1  0.£  4.1  4.3  3.:  2.8  3.4  4.( 
Acid.  2.1  2.C  2.1  2.(}  2.1  0.0  0.2  2.( 
Examination of Market Milk for Streptococci. 
Pint bottles of milk from the herd supply were chosen at random at 
various times.  1 cc. of milk was diluted in 9 cc. of sterile salt solution. 
Mter shaking vigorously, 0.5 cc. of the mixture was plated with 12 cc. 
of  melted  agar  and  1  cc.  of  defibrinated  horse blood.  After incu- 352  STREPTOCOCCI  IN  MARKET  MILK 
bation  for  24  hours  at  38°C.  the  plates  were  examined.  In  all, 
twenty-six samples have been plated.  The average for all the samples 
has been 2,850 organisms per cubic centimeter,  of which 15.5 per cent 
have been streptococci.  The  proportion  of streptococci varied  over 
a wide latitude; the greatest number recorded was 45 per cent of the 
TABLE  III. 
The Non-Hemolytic Streptococci from Milk. 
Production of acid  in. 
Results of  aggluti- 
Growth  ~  l ~  nation with mastitis  Culture  Group-  in  Litmus milk.  ~  ,~  .o  ~  I  8  ~-4  .A  streptococcus, serum 
No.  ing.  bouillon.  ,-  o  ~  ,~  ~  ~  ~  ~  dilutionl:l,O00. 
[. 
~er  ~r  per  ~r  ~r  ~r  t~r  ~er 
~ont cent  cent  ;cnt  cenl  cen~ cont  ~eng 
BM  8  L.C.  Clear.  Firmly  3.42.82.~3.00.00.10.1'2.3  +* 
coagulated.  0  0 
"  13  "  "  "  "  4.53.53.2  3.80.00.1  .  3.1  -- 
0  o I  (1:500 =  ++) 
"  17  "  "  "  "  4.53.43.3  3.00.00.1  .  3.2  +++ 
"  27  M.C.  Turbid.  "  "  4.33.63.33.40.00.1i0.03.2  +++ 
"  32  L.C.  "  "  "  4.73.93.43.80.00.C0.02.9  +++ 
"  39  "  "  "  "  4.43.83.84.00.00.1i0.03.2  -- 
~  o.o  (1:5o0 -- +) 
"  49  M.C.  "  "  "  3.83.8i3.13.20.10.1  2.9  +++ 
"  53  L.C.  "  "  "  4.43.9~3.9~.00.00.C9.03.8  +++ 
"  61  "  "  "  "  4.53A  3.54.10.10.1  D.13.8  + 
"  69  S.C.  "  "  "  4.63.7~.44.20A]0.10.03.7  -- 
"  72  M.C.  Clear.  "  "  4.54.14.13.80.00.1!0.02.8  + 
"  74  L.C.  i  ......  4.d3.53.24.oo.clo.oo.o3.3  ++ 
"  78  M.C.  Turbid.  "  "  4.6'4.013.33.80.C0.00.03.5  ++ 
"  89  L.C.  "  ....  4.313.S  I  I  3.54.00.C  0.00.02.9  +++ 
"  92  M.C.  ' .....  4.3 3.513.3 3.5 0.C  ~.0 0.0 3.3  +++ 
"  23  S.C.  "  Coagulatedonboiling.  3.C 2.9 3.12.7 2.~  9.01.03.1i  -- 
* -k + +  indicates  complete  agglutination;  + +,  marked  clumping without 
entire clearing of the fluid; +, moderate agglutination.  A negative  reaction is 
noted as -, 
total number  of organisms.  Of the  72  streptococci isolated,  56  are 
of  the  hemolytic  type.  The  others  are  non-hemolytic.  These  fig- 
ures indicate a greater proportion of hemolytic streptococci, although 
this  is not  necessarily  the  case.  The  hemolytic  colonies  are  more F.  S.  JONES  353 
easily differentiated from the others and many of the deeper non- 
hemolytic colonies may have been overlooked.  In Tables  III  and 
IV the cultural characters of the milk streptococci are given. 
It will be observed that the non-hemolytic streptococci with one 
exception fall into the mastitis group.  They all produce considerable 
acid in dextrose, lactose,  saccharose, maltose, and salicin.  Milk is 
firmly coagulated but litmus is not reduced.  In addition, all but one 
agglutinate with their'specific group serum.  This serum was obtained 
by the immunization of a cow with a strain of non-hemolytic mastiffs 
streptococcus.  Strain BM 23 agrees in neither its cultural nor immu- 
nological characters with the other organisms; it is probably from the 
skin, since it ferments dextrose, lactose, saccharose, maltose, raffinose, 
mannite, and salicin. 
Of 56 strains of hemolytic streptococci, 43 agree in their cultural 
characters and agglutination affinities with the hemolytic types most 
frequently associated with bovine mastiffs.  Like the non-hemolytic 
group, they produce considerable acid in dextrose, lactose, saccharose, 
and maltose.  Salicin may or may not be fermented.  Milk is firmly 
coagulated without the reduction of litmus.  These high acid-producing 
strains  (both hemolytic and non-hemolytic) occurred in the milk in 
large numbers.  They make up the bulk of the streptococcic flora. 
The cultural characters of the other thirteen  strains  differ from 
those associated with mastiffs.  They ferment dextrose, lactose, sac- 
charose, and maltose, but none has attacked inulin, raffinose, mannite, 
or salicin.  One culture fails  to  attack  saccharose.  Milk is coagu- 
lated but not firmly.  The curd is  flocculent.  Litmus is  often par- 
dally reduced.  The amount of acid produced in dextrose is consid- 
erably lower than that recorded for the mastitis type.  In addition, 
the hydrogen ion concentration is higher, pH 5.0 to 5.3.  Gelatin and 
coagulated serum are not liquefied.  An additional point of differen- 
tiation  between  members of  this  group  and  those  of  the  mastiffs 
group is the difficulty with which they are suspended in  1 per cent 
sodium chloride solution.  The mastiffs strains all readily enter into 
suspension.  The others sediment spontaneously within 3 or 4 hours. 
When freshly isolated many of these strains grow with difficulty in 
fermented or plain bouillon, even when carbohydrate is added; the 
addition of 5 to 10 per cent of sterile horse serum to the media insures 354  STREPTOCOCCI IN MARKET MILK 
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moderate growth.  Growth, however, takes place slowly.  In a num- 
ber of instances several attempts were made before fermentation was 
obtained in saccharose.  The colonies in blood agar plates are smaller 
than those produced by the members of the larger group.  The sur- 
face  colonies  rarely  reach  1  ram.  in  diameter.  They are  sharply 
raised and surrounded by a  clear zone of hemolysis.  The deep colo- 
nies are exceedingly small, biconvex or ovoid in shape, and produce 
clear hemolytic areas  1.5  to 4  ram. in diameter after 24 hours incu- 
bation.  After 48  hours  the  diameter of the hemolytic area is  fre- 
quently doubled or trebled. 
Considerable  differences in  the morphology have  been  observed. 
Chains  of  6  to  15  elements are  usually observed  in  liquid  media. 
The individual  elements are usually round,  slightly  elongated,  and 
even rod-shaped.  In the water of condensation of blood agar cultures 
the organisms appear as diplococci and short rods.  Clubbed ends are 
frequently observed.  All forms retain the stain by Gram's method. 
The morphology of strains  grown on artificial media for some time 
becomes more fixed, since the organisms grow in bouillon as typical 
short chained streptococci. 
Five of the cultures from this group chosen at random were tested 
for pathogenicity in rabbits.  1 cc. of a  24 hour serum bouillon cul- 
ture was injected into  the ear veins.  The animals were not appre- 
ciably affected.  Their temperatures ranged well within' the normal 
limits.  Two of the rabbits were killed 15  days after injection.  Ne- 
cropsy failed to reveal localization either in the heart valves, the joints, 
or the viscera.  Eight other cultures in  0.1  cc.  doses were injected 
into the peritoneal cavities of white mice.  The mice remained well. 
Members of this group appeared in half the samples of milk exam- 
ined, but in very small numbers; usually only one, two, or three col- 
onies developed in plate cultures. 
The low acid-producing strains in market milk had not been found 
in any of the regions examined.  In previous studies such organisms 
had not been noted in plates made directly from udder milk.  It was 
determined to trace their source back from the bottled milk.  On this 
particular dairy farm it is  customary to collect the milk from indi- 
vidual cows into 40  quart  cans.  These cans are removed from the 
barns, and sent to the creamery as soon as they are filled.  The con- F.  S.  3ON~S  357 
tents of the cans, on the average, are made up of the mixed milk of five 
or six cows.  Samples were obtained from the various cans from each 
barn.  Characteristic colonies of the low acid-producing streptococci 
were  observed  in  certain  samples  of  can  milk.  This  observation 
pointed to one of three sources of entrance:  udder infection, exfolia- 
tions from the skin of  the  udder,  or contamination by the milker 
during milking.  Accidental contamination from exfoliations from the 
skin or from the milker did not seem probable, especially as covered 
milk pails are used.  The skin of the udder of 50 cows w~s examined 
with negative results.  It was determined to examine the udder milk 
from cows whose mixed milk was known to contain streptococci of 
the type sought.  The search proved more difficult than at first sup- 
posed.  Many udders were found infected with  the typical bovine 
types, but comparatively few harbored the low acid producers.  Of 
50  cows in one barn the milk from two revealed organisms of this 
type.  Usually, however, one finds at least one in 50 harboring the 
low ac~-producing streptococci.  The number of colonies which de- 
velop from 1 cc. of milk is usually small (40 to 80).  In one instance, 
however, plates from the milk revealed 900 colonies per cubic centi- 
meter.  Undoubtedly more udders are invaded than indicated, since 
these streptococci are  exceedingly delicate and  are crowded out in 
the plates by the ordinary udder streptococci and other organisms. 
Higher  dilutions  in milk with high counts entirely eliminate them 
from the plate cultures since they occur only in small numbers. 
Another streptococcus similar in many respects to  the low acid- 
producing strains was found in milk drawn directly from the udder. 
It,  however, ferments mannite and  salicin in  addition to  dextrose, 
lactose,  saccharose,  and  maltose.  Such  strains  are  also  low  acid 
producers and grow poorly in plain or fermented bouillon.  The col- 
onies and hemolytic characters in blood agar plates are indistinguish- 
able from those noted for the low acid-producing streptococci. 
DISCUSSION. 
The predominating types of streptococci in  the market milk are 
those of mastiffs.  It is  true that  fecal and  skin streptococci may 
gain access to the milk, but they are practically absent in fresh milk 358  STREPTOCOCCI IN MARKET M~ILK 
if it is kept under proper  conditions.  It is conceded, however,  that 
certain of these streptococci may play an important part in the sour- 
ing of milk; as for instance, the high acid-producing fecal strains. 
Heinemann  5 in considering the significance of streptococci in milk came to the 
conclusion that Streptococcus lacticus, supposedly the most common type of m~Ik 
streptococci, agrees in its morphological and cultural characters with pathogenic, 
fecal, and sewage streptococci.  Miller s reached the same conclusion.  He asserted 
that Streptococcus pyogenes and  Streptococcus lacticus  are  indistinguishable  by 
present methods of study.  Rogers and Dahlberg  reached the same conclusion 
in regard to certain udder streptococci. 
The most frequent types of streptococci which I  have observed are 
identical with those causing mastiffs.  It has been shown repeatedly 
that such streptococci are found in the udder before clinical manifes- 
tations of the disease appear  and may persist for long periods  after 
symptoms have subsided.  That such streptococci have been isolated 
from market milk is shown by Davis' protocols.  The  only point of 
difference between his milk streptococci and a  strain from a  case of 
mastiffs was in  the  virulence  of the latter  for rabbits.  The  writer 
has  never  isolated  strains  of mastitis streptococci of purely bovine 
origin  which  possessed high pathogenic properties  for rabbits.  The 
question  is  raised  whether  or  not many belonging  to  the  so  called 
Streptococcus  lacticus  group  may  not  be  identical  with  mastiffs 
streptococci. 
The experiments  of Mathers  ~ have a distinct bearing  on this point.  He in- 
jected human, mastitis, and milk streptococci into the udders of cows.  The hu- 
man and mastiffs strains produced a severe mastiffs which became chronic.  The 
non-hemolytic Streptococcus lacticus gave rise to an acute mastiffs which displayed 
all the symptoms observed in spontaneous  mammitis (swelling, heat, pain, and 
purulent milk).  The injection of a  culture of a  hemolytic streptococcus  from 
milk gave much the same result.  The inflammation resulting from these injec- 
tions  disappeared  within 2 weeks.  The fact remains,  however,  that both sup- 
posedly non-pathogenic  cultures  produced disease.  It is admitted that the in- 
flammation  is of short duration, but such is not infrequent in certain cases of 
spontaneous infection. 
5  Heinemann, P. G., J. Infect.  Dis., 1906, iii, 173. 
s Miller, W. W., Bull. ltyg. Lab.,  U. S. P. H., No. 41, 1908, 479. 
7 Mothers,  G., J. Infect.  Dis.,  1916, xix, 222. F.  s.  jOl~mS  359 
It is difficult to harmonize the results obtained by Savage  8 in Eng- 
land with those obtained by me.  The method of handling and caring 
for cows, the precautions taken to avoid contamination of the milk, 
etc., make such comparisons impossible.  The types of streptococci 
producing mastiffs in the district in which Savage's observations were 
made differ to a considerable degree from those which I have isolated. 
However, he brings out the point that most of the streptococci which 
he found in milk are of udder origin, and considers that the udder 
group is intermediate between the fecal and mastiffs streptococci. 
The group of low acid-producing hemolytic streptococci is inter- 
esting.  Their hydrogen ion concentration readings  are  significant. 
According to Avery and Cullen's  9 observations, they fall well within 
the human group.  In fact, in Table VIII of their paper the readings 
of three strains (M. 53, M. 86, and J.  1), isolated by the writer, are 
given.  These strains were obtained from milk.  At that time it was 
stated that they were not associated with mastiffs, but might have 
been human contaminations, or arisen from the skin or feces of the 
cow.  The  latter  postulation  has  been  disproved, since hemolytic 
streptococci have not been found on the skin or in the feces of the cows 
supplying milk in this herd.  These strains produce about the same 
amount  of  titratable  acid  in  dextrose  as  the  human  streptococci. 
They differ from pathogenic human streptococci in character of the 
colonies produced on blood agar and in their ability to coagulate milk. 
They possess no virulence for mice and rabbits.  It is possible, how- 
ever,  that  such  streptococci  may be  of human  origin.  Holman  1° 
designates streptococci which are hemolytic and ferment lactose but 
do not attack mannite, inulin, or salicin as Streptococcus  anginosus 
(Andrewes and Horder).  Several have reported the presence of such 
organisms in  the  human nose,  throat,  and  tonsils.  Perhaps  these 
organisms gain access  to  the udder from the milker.  At  any rate 
they do not possess severe invasive characters for cattle, since their 
numbers are hem in check ill the udder.  They differ from the non- 
s Savage, W. G., Rep. Meal. Off., 1906-07, Local Coy. Bd., Appendix B, No. 4, 
1908, 3. 
9  Avery, O. T., and Cullen, G. E., J. Exp. Med., 1919, xxix, 215. 
lo Holman, W. L., J. Med. Research, 1916, xxxiv, 377. 360  STREPTOCOCCI  IN  MARKET  MILK 
salicin-fermenting mastiffs streptococci both in their hemolytic prop- 
erties and in their inability to produce as much acid. 
On morphological grounds  they resemble diphtheroids,  but  have 
been placed with the streptococci for several reasons.  In addition to 
forming chains in bouillon, they produce the characteristic hemolytic 
areas  associated  with  hemolytic  streptococci.  Their  fermentative 
characters  resemble  those  of  streptococci.  In  cultures  that  have 
grown on  artificial media for considerable periods  they produce in 
bouillon only chains of cocci. 
Both the mastiffs  and the other group of streptococci have been 
observed in the market milk from this farm during the past 2 years. 
During this time diseases traceable to this milk supply have not been 
reported.  This  evidence points  to  the low pathogenicity of  either 
group for consumers of milk.  Either species  may be eliminated as 
a source of severe epidemics of milk-borne sore throat. 
SUMMARY. 
The principal  source of streptococci in milk is  the  cow's udder. 
The udder streptococci fall into two broad groups; those of the larger 
group agree in cultural characters and  agglutination affinities with 
mastiffs  streptococci;  the  smaller  group  is  composed  of  low  acid- 
producing streptococci.  The streptococci of the latter group produce 
clear zones  of hemolysis about  surface  and  deep  colonies in horse 
blood  agar plates.  They attack  dextrose,  lactose,  saccharose,  and 
maltose,  but  do  not  ferment  raffinose,  inulin,  mannite,  or  salicin. 
Acid production in dextrose by the members of this group is about 
the same as that produced by human streptococci under the same con- 
ditions.  The  limiting hydrogen ion  concentration  for  these  pleo- 
morphic udder streptococci in dextrose serum bouillon is within the 
limits of the limiting hydrogen ion concentration observed by Avery 
and CuUen for human streptococci. 
All the streptococci from the vagina, saliva,  skin, and feces have 
been non-hemolytic.  Those  from  the  saliva  form  a  heterogeneous 
aggregation in which individuals fermenting raffinose, inulin, and man- 
nite predominate.  From the skin a characteristic streptococcus has 
been found.  It produces acid in dextrose, lactose, saccharose, real- F.  s.  JONES  361 
tose, raffinose, mannite, and salicin, but fails to acidulate media con- 
taining  inulin.  The  fecal  streptococci  are  characterized  by  the 
formation of large amounts of acid in dextrose, lactose,  saccharose, 
maltose,  raffinose,  inulin,  and  salicin.  Mannite  is  not  fermented. 
Neither the fecal nor the skin streptococci have  been  isolated from 
the bottled milk with any great frequency. 